The preparation of bulk Mg 2 SiO 4 -composition glasses was obtained using containerless liquid phase processing, which avoided both contamination of the molten samples and heterogeneous nucleation by crucible surfaces. Slightly Mg-rich precursor samples (to compensate the loss of MgO during melt processing) weighing 2-4 mg were levitated in pure oxygen using an The neutron and x-ray diffraction experiments were carried out using the GALD facility (S1) at the IPNS (Argonne, USA) and the BL04B2 diffractometer (S2) at the SPring-8 (Hyogo, Japan), respectively. The ability of data collection at the high wavevector (Q) region using high-energy x-rays and epithermal neutrons is critical to achieve the resolution needed for detailed structural analysis. In particular, the high-Q portion (> 12 Å -1 ) is important to achieve high resolution in real space. The Raman spectra of a glassy and a crystalline sample at room temperature were measured using a Jobin-Yvon Triplemate spectrometer (Model T64000) equipped with a liquid N 2 -cooled CCD system.
The preparation of bulk Mg 2 SiO 4 -composition glasses was obtained using containerless liquid phase processing, which avoided both contamination of the molten samples and heterogeneous nucleation by crucible surfaces. Slightly Mg-rich precursor samples (to compensate the loss of MgO during melt processing) weighing 2-4 mg were levitated in pure oxygen using an aerodynamic levitator and melted by a continuous-wave CO 2 laser beam. By blocking the laser, rapidly cooled vitreous small spheroids (~0.5-1 mm in diameter), were obtained. The composition of the Mg 2 SiO 4 samples was confirmed by chemical analysis and the density (2.93 gm/cm 3 as compared to 3.21 in the crystal) was measured with a pycnometer using perfluoromethyldecalyn as the immersion liquid.
The neutron and x-ray diffraction experiments were carried out using the GALD facility (S1) at the IPNS (Argonne, USA) and the BL04B2 diffractometer (S2) at the SPring-8 (Hyogo, Japan), respectively. The ability of data collection at the high wavevector (Q) region using high-energy x-rays and epithermal neutrons is critical to achieve the resolution needed for detailed structural analysis. In particular, the high-Q portion (> 12 Å -1 ) is important to achieve high resolution in real space. The Raman spectra of a glassy and a crystalline sample at room temperature were measured using a Jobin-Yvon Triplemate spectrometer (Model T64000) equipped with a liquid N 2 -cooled CCD system. Figure S1 . Raman spectra of v-Mg 2 SiO 4 (red) and c-Mg 2 SiO 4 (blue). The broad peak near 700 cm -1 is unique to vitreous forsterite. Figure S2 . The neutron (top panel) and x-ray (bottom panel) weighted partial structure factors, S ij (Q ), obtained from RMC simulations. The contribution of the S ij (Q ) to the total structure factor S(Q), in the case of neutron diffraction, is given as:
Figures and legends
where
Here x i and b i denote the concentration and neutron coherent scattering length of the ith constituent element, respectively, and the overbars denote the average over the nuclear isotopes and nuclear spins of the element.
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The observed S(Q) is obtained from the measured differential cross section per atom according to
Therefore, the partial structure factors permit the decomposition of the experimental S(Q) in terms of constructive and canceling contributions of S ij (Q ) which in turn provide insights into the structure based on the positive and negative correlations in Q-space between atoms.
In the case of x-ray diffraction, the neutron scattering length b i is replaced by the corresponding electron density multiplied with the form factor (normalized to unity at Q = 0) of the ith element. However, in order to facilitate a comparison of the neutron and x-ray data over the entire Q-range in Fig. 2 , we did not include the form factors, i.e., we set all the form factors to unity.
